Abstract. The traditional culture and monitoring of bacteria is a very complicated task. There are some drawbacks to this task, such as time-consuming, high repeatability requirement, poor observation and even demand forthe extreme environment. However, the automatic tracking could help us avoid these problems. Through image enhancement, expansion, corrosion, binarization, and threshold segmentation of the image obtained by the automated platform, the growth of bacteria in the culture medium was recorded and analyzed in real time. The simulation results showthat the device could continuously record the growth of bacteria for twenty hours accurately, which is more precisethan manual operation. The automation device can improve the effectiveness and uniformity of biological experiments, and significantly reduce the time and economic costs.
Introduction
Bacteria are widely distributed in nature, with large numbers and many types. It can either benefit humans or cause diseases. Different kinds of bacteria growing on the culture medium often show different growth phenomena. The preliminary identification of bacteria can be performed through the observation of growth phenomena.Model bacteria that currently used for research can be cultured by artificial methods, that is, they can be inoculated in liquid or semi-solid medium to grow and multiply. The cultured bacteria are used for research, identification and application.
Synthetic biology is one of the hot subjects in the field of biology, following the study of the Human Genome Project. In recent years, research in synthetic biology has given rise to a surge in the field of biology [1] . The rapid and long-term development of synthetic biology can't be separated from the automation of biological experiments, that is, the traditional biotechnology will develop by means of automation to achieve the purpose of high-throughput low-consumption of biological research. In the study of the innate character of life and life activities, researching and real-time monitoring of the growth and movement of microorganisms such as bacteria are essential. In the study of the bacterial growth process, it is necessary to record and analyze the bacteria in culture in real time. However, at present the observation and analysis of the bacteria in the semi-solid medium are basically manual operations in the laboratory. Such operations are not only cumbersome, but also time-consuming. This type of manual operation greatly increases the number of scientific staff, workload, time and cost. With the continuous development of industrialization, electromechanical integration technology has been widely used in many fields in China, but it still lacks in the field of biological and medical research compared to developed countries [2] . If electromechanical integration technology is applied to the automation of biological experiments, it not only improves the accuracy and repeatability of experiments, but also significantly reduces labor costs.
Structure and principle
Bacterial movement automatic tracking and analysis system is mainly composed of camera, stage, Hall sensor, stepping motor, LED lamp, base cover and base. The schematic diagram of its structure is shown in Figure 1 As shown in Figure 1 , module 1 is a camera. The camera aperture is aimed at the LED light ring by adjusting the camera position from left to right and rotating the angle of the vertical lever. The focal length can be adjusted by adjusting the position of the camera and the entire base cover up and down or rotating the camera lens. The stage below the camera can place multiple Petri dishes at the same time to take pictures. Adjusting the diameter of the stage and the distance of the camera from its central axis can change the stage capacity. Under the stage are Hall sensors, stepping motor, base cover, and LED lamp strip. Hall sensor is placed on the top of the stepping motor, and the magnet blocks are evenly placed on the bottom surface of the stage (the number of magnet blocks is the same as the number of stage loads). During the rotation of the stage, when the Hall sensor passes through a magnet block, a Hall voltage is generated. The Hall voltage signal is transmitted to the microcontroller to monitor and control the switching state of the stepping motor, the LED lamp and the camera.
The specific working process of the system is based on Embedded Systems. The MCU is used for controls the rotation of the stepping motor [3] . When the Petri dish, camera, and LED light ring are concentric, the stepping motor receives the control signal sent from the Hall sensor to the MCU [4, 5] and stops rotating. At the same time, the MCU controls the LED light to turn on and starts the camera taking a picture. After the picture is taken, the LED light is turned off and the stepping motor is driven to continue rotating until the stepping motor receives the next stop signal sent from the Hall sensor to the MCU. The Hall sensor [6] generates a Hall voltage each time when passes over the magnet and transmits it to the microcontroller. The hardware working progress chart is shown in Figure 2 . 
Mask Design
In order to obtain more clear shooting results and reduce the impact of the direct light source on the camera, a light barrier ( Figure 1 , part 6: base cover) was placed over the LED light strip to block the direct light from shining on the camera. The light path diagram is shown in Figure 3 . Set the radius of the LED lamp ring to be e, the radius of the mask on the base cover to c, the diameter of the culture dish and the camera aperture to h and i, and the light source through the gap width of the cover on the base to d. The vertical distance between the LED lamp and the base cover, the Petri dish and the camera is b, f and a respectively. In order to allow the light source to cover the Petri dish but not directly onto the camera, the range of d, a, f is calculated respectively as (the refractive index negligible when the light passes through the Petri dish): 
Test Experiment and Result Analysis
After successfully building the platform, in order to test whether the platform can meet the requirements for biological experiments, the platform was used to monitor the growth of two strains of bacteria in semi-solid medium. The two test bacteria is test1 and test2 respectively. Use the MATLAB [7, 8] After the binary image is obtained, the area of the binary image at each moment is calculated, which indirectly obtains the radius of bacterial growth at each moment. Then, fit the dots with the method of Least Squares to obtain the final results as shown in Figure 6 . The corresponding equations are: 
Where r denotes radius, a denotes area, and t denotes time. From this, we can know that the speed of the movement of this microbial population in the two experiments is 0.03 mm/min and 0.04 mm/min respectively. This result is consistent with the rate of radial expansion of the bacteria on the agar plate grown by the experimenter. 
Conclusions
Based on the development of automation and control mechatronics technology, we designed this complete system that MCU accepts the outgoing electrical signal of Hall sensor which designed for position acquisition, controls the photocoupler to turn on the light source, and at the same time excites the PC end to drive the camera taking pictures and to process pictures online.
The system can record the information of microorganisms' growth and movement in a given environment and a specified time, so that it can monitor the growth and movement of microorganisms in solid or semi-solid medium and reflect the growth and movement characteristics of microorganisms under specific conditions for a long time. The successful use of this system in biological experiments greatly saves researchers' time, reduces the economic cost of the experiment, and at the same time provides a solid guarantee for the reliability of the experimental results.
